A complete remission in multiple myeloma patients can rarely be achieved with conventional chemotherapy. High dose regimens of chemo-and radiotherapy followed by allogeneic bone marrow transplantation succeeded in inducing long lasting complete remissions even in patients with massive bone marrow infiltration and/or drug resistance (Tura et al., 1986; Garthon et al., 1987) . However, only a few patients may be treated with this protocol, mainly because of lack of compatible donors and because of advanced age. Autologous bone marrow transplantation has been proposed as a possible alternative approach to multiple myeloma therapy (Barlogie et al., 1986 (Barlogie et al., , 1987 . The risk of relapses due to the infiltration by neoplastic cells of the autotransfused bone marrow explant is evidently a major problem with this therapeutic protocol. The 'ex vivo purging' of the bone marrow before the infusion could be a means of reducing this risk. A number of clinical experiences have already been reported in the field of bone marrow purging. The removal of the residual malignant cells has generally been attempted by complement-mediated cell lysis utilising specific monoclonal antibodies (see for example Hale et al., 1985) or with immunotoxins (reviewed by Blackey et al., 1988) . The plant ribosome-inactivating proteins (RIPs; reviewed in Barbieri & Stirpe, 1982; Jimenez & Vazquez, 1985; Roberts & Selitrennikoff, 1986; Stirpe & Barbieri, 1986) have already been used to construct immunotoxins for purging by several authors (Ramakrishnan & Houston, 1984; Colombatti & Bron, 1985; Uckun et al., 1985; Vitetta & Uhr, 1985 , to quote some). These proteins are N-glycosidases that hydrolitically cleave the N-glycosidic bond of A4324 of 28 S RNA (Endo et al., 1987; Stirpe et al., 1988) (Blackey et al., 1987) and recently promising results have been obtained in an experimental model with the relatively less toxic ribosomeinactivating proteins from Cucurbitaceae momordin and bryodin . In this study we d1uate a new immunoconjugate made with the anti-plasmaw cell monoclonal antibody 8A (Tazzari et al., 1987) and the ribosomeinactivating protein momordin as a possible agent for bone marrow purging in multiple myeloma.
Materials and methods

Monoclonal antibody
The characterisation of the 8A MoAb has been described elsewhere (Tazzari et al., 1987) . This antibody recognises cells of the B-cell lineage from the terminal deoxynucleotidyl transferase elements to plasma cells and subsets of mature myeloid cells (Lemoli et al., 1988 Cell cloning inhibition Samples (900,ul) of a cell suspension from every cell line containing 1.1 x 106 cells ml-l were incubated as above with 100 4ul of complete RPMI 1640 alone or with a solution of momordin, 8A-momordin conjugate or an irrelevant conjugate containing bovine-IgG and momordin (for the Raji cell line only). The cell concentration was chosen after preliminary experiments which demonstrated a higher sensitivity of the method in these conditions. After incubation for 2 h at 37°C the cells were washed, resuspended in 1 ml of complete RPMI 1640 and 1,000 cells were seeded in a Petri dish 35 x 10mm (Nunc) in 1 ml of medium consisting of 850p1 of complete RPMI 1640 and pl of normal human plasma collected with 3.8% Na-citrate. Forty p1 of a 55mgml-1 CaCl solution was added to obtain clotting of the medium (Bontadini et al., 1988) . The dishes were then incubated at 37°C in a water-saturated 95% air/5% CO2 atmosphere until clones of 8-32 cells could be scored in the control dishes (usually 3-6 days for RAJI cell line, 6-10 days for U266). All experiments were performed three times with three dishes per point.
CFU-GM colony assay Samples of heparinised bone marrow obtained from the posterior iliac crest of healthy donors were separated on a Ficoll-Hypaque gradient (Lymphoprep, Nyegaard) for 30min at 400g. The low density ('<1.077grml-1) fraction was collected, washed twice with phosphate-buffered solution (PBS) and the cells were counted and checked for viability by means of trypan blue-dye exclusion.
The cells were incubated for 2 h with the appropriate amounts of momordin and immunotoxin and washed with PBS by centrifugation at 600g for 5min. The cells were then resuspended in 2.5 ml of Dulbecco's minimal essential medium (Gibco) supplemented with 0.9% methylcellulose, 20% FCS (Flow) and 10% PHA conditioned medium (supernatant obtained from a 7 day culture of human mononuclear fraction stimulated with 0 ug ml phytdhaemagglutinin, used as source of colony stimulating activity) (Iscove et al., 1971 (Lokhorst et al., 1987; Tassi et al., 1988) . Briefly, after the 72h incubation, 0.3mgml-1 of 2-bromodeoxyuridine was added in the medium. Cytospins were obtained after 30min, were fixed for 10min with ethanol and acetic acid (3:1) and incubated sequentially with anti-bromodeoxyuridine TRITC-MoAb and with goat FITCconjugated anti-human immunoglobulin serum. The slides, after overnight washing in PBS, were mounted in PBSglycerol and a mean of 2,000 cells were counted using a fluorescence microscope.
Results
Chemical characteristics of the conjugate
The immunotoxin utilised throughout the present experiments was the 'low molecular weight' component of the mixture obtained upon conjugation (Thorpe et al., 1985) . Each molecule of conjugate contained only 1 mol of antibody and a maximum of 2mol of momordin. The characteristics of the immunotoxin are described in Table I . In particular the activity of the conjugated momordin (IC50 6.8 x 10-11 M) is very similar to that of the native molecule (IC50 6.2xIOI0M).
Killing of target cell lines
The conjugate inhibited protein synthesis by target cell lines with high specificity. Toxicity of momordin for cell lines bearing the 8A-related antigen (U266 and Raji) increased over 1,000-fold (Table II) complete elimination of U266 clones was reached at a concentration of 10-8M (Figure la) , whereas the Raji cells were not completely killed at a 10-fold higher concentration (Figure lb) . This could be due to higher expression of the antigen recognised by 8A MoAb on U266 cell line as it appears by cytofluorimetric analysis (Tazzari et al., 1987) . Moreover, with this test the LD50 were 5.8xIO-10M and 2.2 x 10-10 M for U266 and Raji respectively, lower than the IC50 for protein synthesis, probably due to the higher sensitivity of the cloning method.
No cytotoxicity was observed in a series of experiments run with an irrelevant immunotoxin consisting of momordin linked to bovine-IgG, and with 8A MoAb alone or mixed with free momordin (data not shown).
Rescue of myeloid progenitors
Cells harvested from human normal bone marrow were treated in the same conditions as cell lines to determine the aspecific toxicity of the conjugate. The rescue of CFU-GM ranged from 32% to 100% depending on the momordin concentration (Table III) . Bone marrow purging In a series of bone marrow samples obtained from multiple myeloma patients, a sufficient number of CFU-GM was retained after incubation of the cell suspension with a single concentration of 10-8M immunotoxin, expressed as momordin content. The elimination of neoplastic plasma cells was of 88-99% after 72h (Table IV) and the residual plasma cells were morphologically damaged.
The analysis of the proliferating B-cell compartment, taken as an indication of the plasma cell precursors pool, showed a complete disappearance of the S-phase B-cells in 2/3 of the marrows and a three log reduction in the other cases.
Discussion
In recent years, autologous bone marrow transplantation has been used in a number of neoplastic diseases. The most common application was in the consolidation phases of patients affected by acute leukaemias or high grade nonHodgkin's lymphomas (Dicke & Spitzer, 1986) . Recently, an extension to multiple myeloma patients has been described (Barlogie et al., 1986) . However, the presence of neoplastic cells in the reinfused marrow could be responsible for the high number of relapses. In fact, it was estimated that 1-2 x 103 clonogenic neoplastic cells are usually reinfused to patients affected by acute leukaemias who previously achieved complete remission (Hagenbeek & Lowenberg, 1986) . Also, in multiple myeloma patients receiving nonpurged bone marrow a significant number of relapses was observed (Barlogie et al., 1987) .
The complement-mediated cell lysis used to eliminate neoplastic cells with specific MoAbs poses a few problems. The cell treatment is lengthy, bears the risk of loss of normal cells and the efficiency of complement (usually from rabbits) as well as its aspecific toxicity varies from batch to batch. Moreover, the cell lysis is antigen density dependent and probably a number of membrane holes could be repaired by the target cells (Goldmacher et al., 1985; Prentice et al., 1982) .
The immunotoxins made with ricin A-chain and other ribosome-inactivating proteins should remove some of the disadvantages described above, due to the high potency of the toxic moieties. The previous experience with anti-plasma cell-saporin immunotoxins (Barbieri et al., 1988) showed that efficient killing agents to be used for bone marrow purging could indeed be prepared with the 8A antibody and a ribosome-inactivating protein type 1. However, the toxicity of saporin 6 to mice increased dramatically after conjugation (Stirpe et al., 1987; Barbieri et al., unpublished results) , the main lesion being hepatic necrosis. Immunotoxins made with momordin are 50-fold less toxic to mice (LD50 4mgkg-1) than those containing saporin (LD50 70 Mg kg-1) and doses up to 100 Mg kg-1 did not cause any apparent hepatic lesion. This prompted us to prepare an immunotoxin with momordin. The concentration of conjugated momordin used for the purging was 10-8 M, which corresponds to 1-2 pg kg-' of patient body weight, considering an average bone marrow suspension volume of 200-300ml. The safety of the use of the momordin-immunotoxin is further increased by the washing of the cells to be reinfused after the 2 hour incubation, which removes all the unbound conjugate.
The degree of purging which can be achieved with this protocol is shown by the often complete disappearance of the cells of the B-lineage, which are supposed to be the precursors of plasma cells, as indicated by the data on Sphase B-cells. This value is in our opinion more important than the morphologic assay, since it may well be that some plasma cells still present after the treatment are not capable of replication. The predictive value of CFU-GM on the regenerative capacity of a bone marrow explant is controversial, but is certainly the most used index for unspecific toxicity to normal haemapoietic stem cells. At the proposed 10-8M concentration the 8A-momordin has some effect on CFU-GM, but the residual clonogenic capacity appears generally sufficient to sustain a successful engraftment.
The 8A-momordin immunotoxin for this low unspecific toxicity, efficiency in the purging of plasma cell precursors, and scarce effect on CFU-GM may be, in our opinion, the best choice at the moment for ex vivo purging of bone marrow for autologous transplantation in multiple myeloma patients.
